Abstract: This paper deals with the passivity-based synchronized control of teleoperation considering position tracking and power scaling. In the proposed method, the motion and the force relation between the master and slave robots can be specified freely. Using a passivity of the systems and Lyapunov stability methods, the asymptotic stability of teleoperation with communication delay and power scaling is proven. Several experimental results show the effectiveness of our proposed method.
INTRODUCTION
Teleoperation system is the extension of a person's sensing and manipulation capability to remote environment. A typical teleoperation system consists of the master robot, the slave robot, the human operator, the remote environment and the communication line. If only the master motion and/or force are transmitted to the slave, the teleoperation system is called unilatera . If, in addition, the slave motion and /or force are transmitted to the master, the teleoperation system is called bilateral.
In bilateral teleoperation, the master and the slave are coupled via communication lines and communication delay is incurred in transmission of data between the master and slave sites The delay in a closed loop system can destabilize the system. It is well known that the scattering transformation approach &uarantees passivity of the communication line with any constant communication delay [1] , [2] .
As shown in [3] , [4] , this approach drives the velocity errors between the master and slave robots to zero, but can only guarantees the position tracking error to be bounded. Additionally, the scattering transformation is necessary to calculate the algebra loop.
It is difficult to mount on a computer.
In [5] , it is shown that multi passive systems with any constant communication delay can be synchronize. Moreover, the practical applicability of the result is demronstrated in the problem of teleoperation with any communication delay. Therefore, this approach guarantees position and velocity errors to zero without using scattering transformation.
In several tasks involving bilateral teleoperations, 
DYNAMICS OF TELEOPERATION
Assuming absence of friction and other disturbances, the master and slave robot dynamics for n-deuree-offreedom are given as [7] Mm(qm)qm + Cm(q qm)qm + gm (qm) rm Fig. 1 shows a block dia ram of the master and slave robots with nonlinear compensation.
Then we have the following lemma Lemma 1: Consider the systems described by (7).
Define the inputs of the master and slave robot dynamics as Tm Fm F 0p and r Fs-Fenv and the outputs as rm and r8, respectively. Then, the systems with the above input and outputs ( Fig. 1 ) are passive such that. 
Then the master and slave robot dynamics guarantee the passivity as follows. 3. We also measure the operational and the environ- In Fig. 9 , there are some errors in the torque, but it is seems to be due to the substantial devise [9] H. Kawada and T. Namerikawa, "Passivity- 
